In the present study, a photoresponsive chromophoric system such as 4-[(E)-2-(3-hydro xynaphthalen-2-yl)diazen-1-yl] benzoic acid was incorporated on to lignin core by functional transformation reactions and the photoresponsive behavior of the green, environment friendly product was investigated. The end hydroxyl group of lignin was modified with the chromophoric systems by DCC coupling. The chromophoric systems as well as the chromophore-bound biopolymer core systems were purified by column chromatography. The products were characterized by UV-visible, fluorescence, FT-IR and NMR spectroscopic methods. The results of the studies show that incorporation of the chromophoric system on to the lignin core enhanced the light absorption, emission and light stabilization properties of the chromophoric system. The light fastening properties of chromophoric system and the modified product were compared. It shows that stability of the chromophoric system greatly enhanced on attaching to the polymeric system. The trans-cis photoisomerisation and the reverse cis-trans thermal conversions were also assisted by the lignin core. The remarkable stability on irradiation shows that this is a novel photoresponsive system with excellent light fastening properties which would find application in coating materials, dyes, paints, inks, therapeutic agents and many more.
Introduction
The incorporation of a photochromic moiety in polymers is very attractive because of the possibility of creating new light sensitive materials, storage and optical devices, diagnostic and therapeutic agent's etc. [1] [2] [3] [4] . A main interest of this azo containing polymer system is their photoisomerization and light fastening properties. Modification of biopolymers leads to environment friendly photo responsive systems. Common modes of modifications in biopolymers are esterification, etherification, phosphorylation, pregelatiniztion etc. In the present work, an attempt has been done to explore present and future industrial prospects of modified biopolymers using photoresponsive systems by the method of esterification. In the present study lignin is modified due to its usefulness in different industrial products in modified form [5, 6] . Lignin is an amorphous, aromatic biopolymer second in natural abundance only to cellulose and is obtained from all types of natural wood based resources. Lignin makes up about one quarter to one third of the dry mass of wood. It has several unusual properties for being a biopolymer such as having a network structure and lacking a defined primary structure. Lignin fills the spaces in the cell wall between cellulose, hemi cellulose and pectin components. It also forms covalent bonds to polysaccharides and thereby cross links different plant polysaccharides. It confers mechanical strength to the cell wall and therefore the entire plant. It is particularly abundant in compression wood [7] [8] [9] [10] [11] [12] . Lignin plays a crucial part in conducting water in plant stem. The polysaccharide components of plant cell walls are highly hydrophilic and thus permeable to water. Lignin is a large, crosslinked macromolecule with molecular mass in excess of 10,000. It is relatively hydrophobic and aromatic in nature [13, 14] .
Experimental

Materials and Methods: General
Lignin was purchased from Merck (Germany). Dimethylaminopyridine (DMAP) and dicyclohexylcarbodiimide (DCC) are commercial samples and used as purchased from E. Merck India Ltd. The solvents used for the study such as dimethylformamide (DMF) were purified by literature procedure. NMR spectra were recorded on a Bruker 500 MHz NMR instrument. IR spectra were recorded on a Shimadzu FT-IR instrument operating in the range 4000 -400 cm -1 . UV-visible spectra were recorded on a Shimadzu UV-visible-NIR spectrophotometer operating in the range 200 -1100 nm.
Synthesis of 4-[(E)-2-(3-Hydroxynaphthalen-2-yl)diazen-1-yl]benzoic Acid
p-Amino benzoic acid (1.37 g) was dissolved in dil. HCl (2 N, 15 ml) and cooled in ice. It was diazotized with an ice cold saturated solution of sodium nitrite and coupled with ice cold solution of β-naphthol (1.46 g) in 20% sodium hydroxide (20 ml). The product was filtered, washed with water and dried in vacuum and purified by column chromatography using 10:4 hexane-ethyl acetate solvent system. The yield is noted as 81%.
Synthesis of Lignin Functionalized with 4-[(E)-2-(3-Hydroxynaphthalen-2-yl)diazen-1-yl]benzoic Acid
Lignin (1 g), DMAP(200 mg), DCC (1 g) and the chromophoric system (2.8 g) in molar ratio were separately dissolved in DMF and the mixture was stirred at room temperature for 2 hours and at 80˚C for 6 hours. The by-product dicyclohexyl urea (DCU) was removed by warming-cooling-filtration process. The solvents were removed in a vacuum rotory evaporator. It was dried and purified by column chromatography using hexane-ethylacetate solvent system (4:1) and dried in vacuum.
Results and Discussion
Lignins are complex, amorphous, phenolic polymers, whose aromatic and aliphatic hydroxyl groups can be easily modified by estrification reaction. Spectroscopic analysis such as UV-visible, FT-IR, and 1 HNMR has been done in order to visualize the chemical changes in the structure of lignin. The green, nature friendly lignin functionalized with 4-[(E)-2-(3-hydroxynaphthalen-2-yl) diazen-1-yl]benzoic acid system is a novel photoresponsive system and reported in the present paper for the first time. 
Synthesis and Characterisation of 4-[(E)
-
Synthesis and Characterisation of Lignin Functionalised with 4-[(E)-2-(3-Hydroxynaphthalen-2-yl)diazen-1-yl]benzoic Acid
The hydroxyl functionalities of lignin were esterified with the free carboxyl group of 4-[(E)-2-(3-hydroxynaphthalen-2-yl)diazen-1-yl]benzoic acidthrough DCC coupling using DMAP as the catalyst (Scheme 2). IR spectrum was recorded in the solid state as KBr discs in the operating frequency range 4000 -400 cm The proton NMR spectrum of the product was recorded in chloroform using a 500 MHz (Figure 4) . The carboxylic proton signal of the chromophore system was disappeared when it coupled with the core. This is due to the esterification of COOH group. 
Light Absorption Properties of Lignin Modified with 4-[(E)-2-(3-Hydroxynaphthalen-2-yl)diazen-1-yl]benzoic Acid
UV-visible absorption spectrum of lignin modified with 4-[(E)-2-(3-hydroxynaphthalen-2-yl)diazen-1-yl]benzoic acid was recorded in chloroform. The λ max of the chromophoric system was observed at 483 nm whereas the λ max of modified system was found at 494 nm. The spectrum shows a characteristic red shift of 11 nm when attached to lignin core. The intensity of absorption was 1.9 in the case of chromophoric system and 2.4 for functionally modified system. The observed red shift is due to the notably decreased HOMO-LUMO energy gap of the conjugated π system of the chromophoric group on attaching to the core system. The peak at 303 nm is due to the π-π * transition of azo group present in the chromophoric system. The peak at 494 nm is due to the n-π * transition of the group present in the polymer supported chromophoric system (Figure 5) .
The fluorescence emission of lignin coupled with 4-[(E)-2-(3-hydroxynaphthalen-2-yl)diazen-1-yl]benzoic acid in chloroform was recorded at room temperature. The excitation wavelength for emission was 400 nm. The emission maximum for the product was observed at 575 nm. The efficiency of fluorescence emission was enhanced on attaching to the polymer chain. When attached to an aromatic biopolymer, electronic excitation of the compound leads to increase in the dipole moment and observable red shift. The emission spectra show red shift of 23 nm and an increase in intensity. The fluorescence spectra of the chromophoric system and the modified lignin are shown in Figure 6. 
Light Fastening Studies
The light fastening properties of the chromophoric system and the modified biopolymeric system were examined using chloroform as the solvent. The experiments were carried out in chloroform using equi molar concentrations. In this experiment the changes in the intensity of absorption as a function of time of irradiation were noted. The intensity of absorption at zero time was noted as 1.9. Absorbance of the n-π * band at about 483 nm progressively decreased with irradiation time. After 5 hours of irradiation, the intensity of absorption notably decreased and the intensity observed after 5 hours was 1.1. On comparing the pure chromophoric system and the unmodified lignin the modified system shows remarkable stability on prolonged irradiation. The intensity of the modified system remained intact at 2.4. This light fastening study reveals that stability of chromophoric system is greatly enhanced on attaching the chromophoric system to the core material. The spectra are shown in Figure 7.
Figure 5. UV-visible spectra of (a) 4-[(E)-2-(3-hydroxynaphthalen-2-yl)diazen-1-yl]benzoic acid and (b) lignin modified with 4-[(E)-2-(3-hydroxynaphthalen-2-yl) diazen-1-yl] benzoic acid.
Trans-Cis-Trans Photo and Thermal
Isomerization Studies The photo isomerisation of chromophore functionalized biopolymer was monitored using UV-visible spectroscopy. UV-visible spectra were recorded as a function of time. In the case of modified lignin, a peak at 303 nm was obtained in the UV region and another in the visible region at 494 nm. The intensity of band in the visible region was enhanced as the irradiation progressed. Where as in the case of UV region the band at 303 nm is progressively decreased with irradiation time and reached an equilibrium state in about 4 minutes under the irradiation conditions employed in this experiment. This shows the trans-cis isomerisation and after 4 minutes, a photo stationary state was reached. The more stable trans isomer is characterized by a strong band at 303 nm. By exposing trans compound to UV light the transition is activated. Remarkable change observed when we kept the sample solution at room temperature in darkness. The trans isomer is regenerated fully after 24 hr. This shows the reversible cis-trans isomerization. The chromophoric system also exhibits an increase in intensity with irradiation time in the visible region and decrease in the UV region. On keeping the samples in darkness for 24 hr, the original trans-cis equilibrium state was reached and this was evident from the attainment of the initial λmax and absorption intensity values of the samples as before irradiation. The results show that the polymer bound chromophoric system performs the reversible trans-cis-trans isomerization more efficiently than the low molecular chromophoric system (Figure 8) . erizable units. The designs of such intelligent bio materials are green and environment friendly. In this work a polymer-based photo-responsive system was developed by the functional modification of lignin biopolymer. Lignin was functionally modified with a chromophoric system namely 4-[(E)-2-(3-hydroxynaphthalen-2-yl)diazen-1-yl]benzoic acid by DCC coupling between the free carboxyl function of the chromophoric system and the end hydroxyl functionalities of lignin and their photochemical and photophysical properties have been investigated. The products were characterised by spectroscopic methods. The photochemical properties of the coupled lignin were compared with the pure chromophoric system. The modified system shows a considerable red shift and remarkable increase in intensity of absorption and emission. The strong red shift observed on binding the chromophoric system to lignin and the remarkable stability on irradiation provides a novel photoresponsive system with excellent light fastening properties. More over it shows excellent emission behaviour which was demonstrated by recording the fluorescence spectra. Photoisomerization of azo compounds and its derivatives have been extensively studied and this system can be used as a photo switch in numerous molecular systems and functional materials. The cis-trans isomerism in azo modified polymers, makes the system good candidates as constituents of molecular switches, image storage devices and materials with photomodulable chemical and physical properties. Since lignin constitutes the major renewable organic substance available on the earth, research in this field is a good milestone for determining the basis of novel polymeric products and future technologies that combine environmental demands, economic realities and a high efficiency of biomass conversion.
